A DATA-BASED ROUTE TO THE DISCONNECTED CONTRIBUTON TO a -O-HVP

and to the isospin-limit light-quark-connected contribution, if time permits

Kim Maltman, York University
with Diogo Boito, Maarten Golterman and Santi Peris

Phys. Rev. D105 (2022) 093003 [arXiv:2203.05070 [hep-ph]

5th Plenary Workshop of the Muon g-2 Theory Initiative, Edinburgh, Sep. 5-9, 2022

0/13



CONTEXT: LATTICE-DISPERSIVE a '*""* TENSION

auLO"‘“’P THEORY
»a 'O (dispersive) x 101°

+* DHMZ 2020: 694.0(4.0)
«» KNT 2019: 692.8(2.4)
> a,'oMVP (lattice) x 1010

s* ETM 2019: 692.1(16.3)
** FHM 2019: 699(15)

+* Mainz 2019: 720.0(15.9)
+* PACS 2019: 737(20)

«* BMW 2020: 707.5(5.5)

» Components amenable to both lattice
and dispersive determinations of
interest for further exploration
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THE STRANGE CONNECTED + FULL DISCONNECTED CONTRIBUTION FROM DATA

> Notation: SU(3); decompositions »Isospin limit (IL) content
1 +%* 38 (MIl) component 0
M=+ —Vi= RN e ¢ 33 (I=1) pure light-quark-connected (lqc)
V3 +»» 88 (1=0) Iqc+ strange-quark-connected

1 _ 1 _ (sconn) + full disconnected (disc)
= E(ﬁyﬂu - dy,d) + c iy + dy,d - 25y,5)

» = appropriate 33, 88 combination gives

A A 2 - 1. sconn+disc sums in IL;
e (6°) = (@) + Z=I5(6°) + 515(@)
= [ (Q%) + [Ig(@7) + I5(@7) flscomn-dise  — fil=0 _ L=

2 1
prm(s) = p7(s) + —=p"(5) + 2™ (8) | 1
V3 3 pscon11—|—d15<:(8) _ pIZO(S) B _plzl(s)
= piai (5) + Ak(9) + pii (9) = R
sconn+disc  __ =0 1 I=l

Dy @ g #

2 1
LOHVP 33 8, * 88 _ =1 | Ml _I=0
9 =@, +—=0, +50, =8, T+, +a, 2/13
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PRACTICAL IMPLEMENTATION (I: neglecting IB correction)

» identifying 1=0, 1 spectral contributions E.g. G-parity-unambiguous modes, KNT19 data, to KNT
< G-parity +/- states: I=1/0 exclusive-mode-region endpoint s=(1.937 GeV)?

s = |=0, 1 separation for states with only

narrow m, n, w, ¢ (>93% of total)

) ] ] _ I'=1 modes X ZOHVP s g 10 I'=0modes X ZLOHVR s 1010
% G-parity ambiguous states X (e.g. with KK ———— i ;Xz — s }f
pairs): from maximally conservative 50+50% il VEIL) ek 4ol
— Mo . . . Al 503.46(1.91) 7’y (@, ¢ dominated) 4.46(10)
1=1/50+50% I=0 separation if not available ok - 148700) = 4673004
from other sources bl 1939(78) 22 (10 0, 1) 0.98(09)
| 3rt3r (o 0) 0.23(01) 713 (no ) 0.62(11)
[ammm‘ﬂ‘c g = [ Lo, HVP] 22727 21° (no 1) 135(17) 331 (o o, ) 0.00(01)
# 7t 40 (oo 7) 02101) i (@, ¢ dominated) 0:70(02)
ar 1.34(05) nrtea® (no o) 0.71(08)
+* pQCD above exclusive-mode region i 0.08(01) ho 0.30(02)
it 2 0.12(02) (= npp)2n 0.13(01)
- ﬁoyjﬁo (L.88(02) w2rt2n 0.01(00)
o~ npp)3n 0.17(03) g 0.41(02)
onr’ (.24{03) ¢ — unaccounted 0.04{04)
Total: 543.21(2.09) Total: 55.10(96)




G-PARITY-AMBIGUOUS CONTRIBUTIONS (KNT19 exclusive-mode region)

> K*K + KK :
* 1=0+1 a *OMVF, 36.07(29)x101°: too large for useful maximally conservative separation
» BaBar PRD98 (2018) 032010 t>K Kv_data (=1, V) + CVC: 0.764(28)x101%for I=1 up to

2 76 GeV?; maximally conservative |= 0/1 separation: 0.089(89) x101° for I=1 from 2.76
GeV? to KNT19 exclusive-mode endpoint (1.937 GeV)? =

00 00

|
l SCOHHM]SC]KR_[@I iz - [aﬁ_llkk i Iaﬁ‘llm =35.12(31)x10°1°

> KK1: KNT19 1=0+1 contribution 2.71(12)x101°, I1=1 contribution 0.74(12)x101° from
BaBar PRD77 (2008) 092002 Dalitz plot I=0/1 separation analysis =

. 10
e = o R s — o @, ke = 1.89(18) x 1077
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G-PARITY-AMBIGUOUS CONTRIBUTIONS (KNT19 exclusive-mode region) (ll)

> KK
< G-parity-unambiguous G = -, I=0 @[—>KK] trt contribution: 0.16(1)x101°

** maximally conservative assessment for the remaining G-parity-ambiguous part
(KNT19 data and correlations): 0.79(98)x10-1¢

@ = [grotds] . =095(%)x 10" (dominant G-parity-ambiguous uncertainty)

» All other KNT19 G-parity-ambiguous modes:
% KK3m, w(-npp)KK (no @), n(=npp)KK (no @), pp, ni, low-s my, ny
+» total contribution: 0.10(8)x10-1°
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RESULTS (I): NEGLECTING ISOSPIN-BREAKING CORRECTIONS

» With KNT19 exclusive-mode input » With DHMZ20 exclusive-mode input

% g Scomntdisc = 39,08(1.44)x101 % g scomntdisc=37.76(1.39)(1.33);,x101°

¢ Lattice results, aseonn: > Lattice results, aseonn:
2020 WP average: 53.2(3)x10-10 2020 WP average: 53.2(3)x10-1Y
2020 BMW: 53.39(11)x10-1° 2020 BMW: 53.39(11)x10-1Y

% = disconnected contribution (with “* = disconnected contribution (with
naive WP/BMW a <" average) naive WP/BMW a s<°"" average)

[audiSC]IL= -14.3(1.4) x10-10 [audiSC]IL= -15.6(1.4)(1.3),,, x10-10
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ISOSPIN-BREAKING CORRECTIONS

» To first order in IB
«* strong IB (SIB) only ina M, EM in all of a M, a **, a *°
< EM+SIB a M contribution “contaminates” nominal I=1/0 exclusive mode assignments

» Experimental input on a ™

¢ Expect dominant contributions from low-s resonance region (21, 31 )

¢ 2m exclusive mode: p-w interference region IB contribution from Colangelo,
Hoferichter, Stoffer dispersive analysis: [a M ], = 3.65(67)x101

[Colangelo, Hoferichter, Kubis, Stoffer 2208.08993 update: 3.68(17) x1019] [P. Stoffer talk]
¢ 3m exclusive mode: IB p—3m contribution from BaBar VMD model fit to PRD104
(2021) 112003 BaBar 3 cross sections: [a M ];, = -0.56 x10-10 rough estimate

* other (higher-s) exclusive modes: with narrow-resonance-enhanced 2m, 3 IB ~1%
of corresponding IC contributions, assign ~1% of IC sums (+0.40x10-1%in total) as
uncertainty from missing MI contributions of other exclusive modes

** Resulting estimated MI a sc"*disc correction:
- [-0.56(12) - (1/9) 3.65(67) + 0.40] 1010 = 0.97(14)(40)x10-10 713


kmalt
Text Box
rough estimate


MORE ON IB CORRECTIONS: EM CORRECTIONS TO aul=1' aul=0

» EM valence-valence (vv), valence-sea (vs), sea-sea (ss) connected (c) and disconnected (d)
contributions

(vv,c) (vv,c) (vs,c)  (vs,d) BMW 2020 results
% 8 OMY 0 =—L30)31)x 10710 (V4
@ @ O' [aLOHVP](Wd):-0.55(15)(10)><10-10 (F+D3),
& QMO OO 62 5 = —0.0093(86)(95)x 1071 (T)
O{} 'GDC' O OO0 « > OO [0 s =001124)(14) 1071 (T(a)),

027 0 =037(21)(24)x 107 (D1+4D2),

62 =-0.040(33)(21)x 107 (D1(d)+D2(d)

(vv,d) (vv,d) (ss,c) (ss,d) (ss,c) (ss,d) NOTE smallness of (vs,c), (vs,d), (ss,d)
contributions (vanish in SU(3). limit)
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CANCELLATIONS IN THE EM apsconn"'disc CONTRIBUTIONS

» EM (vv,c) contributions

*»» with all charge factors made explicit, everything else in “loop factors”:

Craadi sy = [17 B g ng,c)] /81

@] 0 = 5L /36

7] 0= [51,,@““’“) i 4Lgm’=0>] /324
** SU(3)(-breaking factor:  x,, = W /L A

¢ Strong cancellation in sconn+disc combination c.f. LO, HVP

scmnn+d1sc /[ LOHVP] 1 (x(’“’” C)/ )
) 714 (Y /17

*Eg,or0 < Xomey ST —0.068(22)(17)x 1070 < aomti]

laﬂ m: ¢)

’L”L’C _
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CANCELLATIONS IN THE EM ausm““""Iisc CONTRIBUTIONS (lI)

» EM (vv,d), unsuppressed diagram F contributions

i (F) ()
_QEO,HVP](W)@ [25[,[,M +10LL,, + LL ] /81
r I=1 (F)

-aau :I(m;,d) = LLEaf /4

e 77 FFE | T

™ o = Pt +4TLEL +4LL,, | /324

wp=TL I} ye=TLLJEL]]

2=Xp=Yp ]

scon+disc LOHYP
A L O e o

(wd) ~ "~

0 <lome) L OMMDIE X100 for0 < xp,yp <1
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CANCELLATIONS IN THE EM ausc"““""Iisc CONTRIBUTIONS (l1l)

» EM (ss,c), unsuppressed diagram D1 contributions

soonrise LOHVP 7
l IS“/I l(ssc) 51‘|'(XD1/5)

= 0<a ] <0062(35)(40)x 1070 for 0 < xpy <1
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IB-CORRECTED RESULTS

(applying Ml correction, neglecting tiny a sn*disc= 3 =0 3 =1/9 EM corrections)

» With KNT19 exclusive-mode input » With DHMZ20 exclusive-mode input
% g sconntdisc= 40,1(1.4)(0.4)x1020 % g sconntdisc= 38 7(1.4)(1.3),,(0.4)x1020
“* = disconnected contribution (with ¢ = disconnected contribution (with
naive WP/BMW a sc°m" average) naive WP/BMW a s average)
a dise=-13.3(1.4)(0.4) x1010 [a, 45 = -14.6(1.4)(1.3), (0.4)x101°
Source iy a2 x 10" e
RBC/UKQCD [4,11] b -112033)23) 2033)03)
BMW (9] bl 4] -128(1.1)(16) 09012017
Mainz 18] 2+1 -232(22)(45) 31.3(3.3)4.5)
BMW [20] 24141 ~13.36(1.18)(1.36) 40.03(1.18)(1.36)
This work, Eq. (3.30) 241 -133(14)(04) 40.1(1.4)0.4)
This work, Eq. (6.2) 141 ~146(14)(1.3), (04) 38.7(14)(13),,(04) 12/13




SUMMARY/CONCLUSIONS

> ausconmdisc, auOIiSC in agreement with most precise lattice results, comparable precision
» Contrast: tension with Mainz result (m_ extrapolation required)

» Confirms light-quark-connected component as source of lattice-dispersive tension

» Back-up slide for analogous data-based light-quark-connected determination

» Analogous data-based sconn+disc, Igc contributions for window quantities also feasible
(with s-dependent exclusive-mode distributions)



BACK-UP: ANALOGOUS LIGHT-QUARK-CONNECTED DETERMINATION

»> PRELIMINARY ASSESSMENT

l 10 —
»InlL, a, =— aj!

> KNT19/DHMZ nominal IL al=! = 574.3(2.3)(0.1),,, x 101 /577.2(3.4)(1.1),,,(0.2) 5, x10°°

» IB-corrected a’ 1 as per treatment above, with
** removal of M| it contamination from nominal I=1 contribution
[P. Stoffer talk]

¢ analogous EM a[fl correction estimate, here using BMW lattice numerics

X (mlIdIy-Iattlce EM-dependent ) estimates:

KNT19: a,, 9¢ - 635.0(2.7)(0.1) ., x 10

DHMZ: a"’” = 638.2(3.9)(1.1),,(0.2) 5, x 1010
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